Abstract Oil palm wood (OPW) and oil palm empty fruit bunches based particleboard (OPEFBP) furniture components were tested on edge in order to determine their resistance to fatigue. Tests were carried out at selected stress levels that corresponded to specific percentages of the material's ultimate strength (modulus of rupture-MOR). Generally, the materials fatigue life decreased as the levels of stress increased, and the allowable design stresses for the OPW and OPEFBP furniture components could be set at 40% of their respective MOR. The study also showed that OPW does not perform as well as solid Rubberwood in cyclic loading, but the OPEFBP showed similar fatigue performance to the conventional Rubberwood-based particleboard.
Introduction
The educational furniture manufacturing industry in South East Asia, which was valued at US$ 800 million in 2008, has been dependent on Rubberwood (Hevea brasiliensis) and a mixture of hardwoods from the natural forests as its raw material (Ratnasingam and McNulty 2009) . Although studies on alternative raw material for education furniture have been conducted elsewhere (Eckelman et al. 2001) , only recently the biomass from the oil palm (Elaeis guineensis) plantations in Malaysia, particularly the trunk and empty fruit bunches, have been used to produce oil palm wood (OPW) and oil palm empty fruit bunches particleboard (OPEFBP), to off-set the growing concerns about the future supply of solid wood raw materials. Although the strength and working properties of the oil palm based raw materials have been studied (Ratnasingam and Wagner 2009) , the behavior of these materials under static and cyclic loads experienced in furniture construction has not been examined. As educational furniture is subjected to repeated live-loading environment, it is more reasonable to use fatigue strength rather than static strength to determine working stresses (Ratnasingam et al. 1997) . Previous reports on the fatigue behavior and allowable design stresses of furniture components are very limited (Kyanka 1980; Eckelman et al. 2001) . Further, the use of wood composites with modulus of rupture (MOR) substantially lower than that of solid wood, could lead to increased member failures at load levels below the static ultimate strength of the material (Bao and Eckelman 1996) . Therefore, the objective of this study was to establish the allowable design stresses under cyclic loading for the OPW and OPEFBP furniture components, in comparison to components made from solid Rubberwood (Hevea brasiliensis) and the conventional Rubberwood-based particleboard.
Materials and methods
Commercial furniture grade solid Rubberwood (Hevea brasiliensis) lumber and OPW were obtained from a local materials supplier, while the Rubberwood particleboard and OPEFBP particleboard using urea-formaldehyde adhesive were supplied by the respective panel producers. All the samples were kept in a conditioning room for more than one month to ensure a final moisture content of 12 ± 2%. 100 pieces of solid Rubberwood, OPW, Rubberwood particleboard and OPEFBP were first ripped full length to a final dimension of 25 mm × 50 mm × 2000 mm, and then cross cut at mid length to form two matched pieces. One of the matched pieces from each experimental material was used for the determination of the density, moisture content and ultimate bending strength, while the other was used in the fatigue test. The dimensions of the specimens were in accordance to the requirements of components used in the manufacture of educational furniture frames in the South East Asian region (Ratnasingam and McNulty 2009 ). All edgewise static-bending tests were carried out on an INSTRON universal testing machine, while the edge-wise fatigue tests were conducted with a specially designed air-cylinder loading system. The static bending tests were conducted in accordance with ISO 3133 (1975) for solid samples, while EN 310 (1993) for the particleboards. All the specimens were subjected to six different stress levels (i.e. 30%, 40%, 50%, 60%, 70%, 80%), expressed as a percentage of their respective average MOR. These load levels were chosen based on a previous study by Eckelman et al. (2001), and after discussions with educational furniture manufacturing experts. Loads were applied to the specimens by means of air cylinders, as described in Bao and Eckelman (1996) . A support span of 900 mm was used in keeping with the overall configuration of the test equipment. During the fatigue test, the air cylinder system exerted and released a non-reversal load at a rate of 20 cycles per minute. Mechanical counters recorded the number of cycles completed, and limit switches were used to stop the test when the specimen failed, or when 1 million cycles were completed. Table 1 shows the fatigue life of the OPW and OPEFBP specimens in comparison to solid rubberwood and rubberwood PB specimens for each of the different loading levels. Results indicate that at 30% of the ultimate strength, the specimens could be expected to have a fatigue life above 1 million cycles. However, when the stress level was increased to 50% of the MOR, fatigue life decreased to an average of 203,000 cycles for OPW and 107,105 cycles for OPEFBP. At higher stress levels, the fatigue life was significantly reduced further. In general, OPW and OPEFBP components of similar dimensions with the Rubberwood components could be used in educational furniture, where the repeated live loading does not exceed 40% of the material's ultimate strength (Fig. 1) , to ensure that the components pass the 200,000 load cycles stipulated in the standard for educational furniture (British Standard-BS 4875, 1972) .
Results

Industrial implications
It is apparent that OPW and OPEFBP sized according to their fatigue strength can be effectively used as furniture components in the manufacture of low-cost education furniture construction, especially for school chairs and desks, despite its different anatomical structure, which impairs its static and fatigue strength in comparison to solid wood materials (Sreekala et al. 1997 ).
